Northern Blots Human cDNA clone COL00695 was 32 P-labelled with Random Primed DNA Labeling Kit (Amersham Pharmacia Biotech); equal loading was determined by human β-actin.
His-Tagged mCARMIL Expression in Sf9 Cells
The his-tagged protein was purified on a nickel column (purity shown in S4) and immediately tested for its ability to inhibit capping by CP. The activity was maintained in protein stored in 50% glycerol at -20 o C or quick frozen in liquid nitrogen and stored at -80 o C. Full length mCARMIL expressed in E. coli either as a GST-or MBP-fusion protein was similar to that produced in Sf9 cells in its ability to inhibit CP.
Preparation of C-1 Mutants
The GST-C-1 cDNA in pGEX-5X-1 was amplified using Pfu DNA polymerase with mutant primers for 16 cycles in a DNA thermal cycler (Perkin-Elmer). After digesting parental DNA with DpnI, the amplified mutant DNA was transformed into Escherichia coli (XL 1-Blue strain).
CP Immunoprecipatation
HeLa cells were grown in Dulbecco modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum, penicillin and streptomycin, and GlutaMax (Gibco-BRL). A high speed supernatant (280,000g, 20min) from scraped and sonicated cells (500 µg protein) was incubated with 5 µg of affinity purified rabbit antibodies against chicken CP or with control IgG on a rocker overnight at 4°C. Immuno-complexes were washed 3 times with PBS buffer. Bound proteins were analyzed by Western blotting.
CP and CP ∆/∆ Binding to GST-C-1 Beads by Supernatant Depletion
The affinity of C-1 for capping protein using a pull down assay (figure 3 A-C) is lower than that obtained using function assays. In this pull down assay, the calculated affinity for WT CP was 16 +/-10 nM and for CP ∆/∆ is 24 +/-9 nM; the two are not statistically different. The decreased affinity is likely due to the fact that less than 100% of the GST-C-1 on the bead is available for binding. Because the same beads were used with both versions of capping protein, having less than 100% of the C-1 available would not interfere with the conclusion that the two types bound equally.
Isolation of CP and CP Mutant
The C-terminal 34 amino acids of the CP beta subunit is identical in the beta1 and beta2 isoforms. The chicken and mouse sequences for double C-terminal deletion mutant, CP ∆/∆ , are very similar. This portion of the α1 subunit has 92 % sequence identity between chicken and mouse; this portion of the β subunit has 99.5 % identity (accession numbers P13127, P14315, P47753, and 47757-2).
Spectrin-Actin Seeds
The concentration of free ends [N] is determined from the initial rate (V 0 ) according to Equation 1,
Eq. 1
where k is 10µM -1 s -1
, [A-A crit ] is the concentration of actin monomer minus the critical concentration. We disregarded the pointed end elongation rate, since it contributes little to elongation under these conditions. Conversion of the rate of fluorescence change to the concentration of ends was achieved by determining the fluorescence change per µM F-actin (total fluorescence change at plateau divided by the concentration of pyrenylactin added, (between 0.5 and 1.5 µM) minus the critical concentration, ~ 0.1 µM).
Energy Square Analysis
Energy square analysis is based on the thermodynamic principle that the total change in free energy between two states in independent of the pathway taken to reach the new state. The free energy change of a reaction is proportional to the logarithm of its equilibrium constant. Thus, by knowing the K D of binding of CARMIL to free capping protein (1 nM), the K D of binding the barbed end by capping protein (0.3 -1.5 nM), the K D of CP-CARMIL for the barbed end (?10 -30 nM), we can estimate that the K D required for CARMIL to bind to capping protein on the barbed end as being between 10 -100 nM.
Stabilization of Seeds
To stabilize seeds for extended incubation in IP buffer, 0.3 -1 nM seeds were incubated in 0.35 µM actin and 0.35 µM phalloidin in IP buffer for 30 min at 25˚C. These F-actin seeds were then incubated at 25˚C in the presence of CP, GST-C-1 or both for 5 -20 min. The duration of incubation affected the apparent affinity of CP for barbed ends because incubations less than 20 min did not reach steady state. Stabilized seeds were used at concentrations between 0.1 and 0.3 nM to seed the polymerization of pyrene-actin (0.5 to 2 µM; 4 -30 % labeled) in IP buffer. For short incubations (< 5 min), seeds (without the stabilizing pre-incubation) were used between 0.1 and 1 nM. The initial rate of polymerization was obtained from linear regression using the first 50 seconds of change in pyrenylactin fluorescence ex 370nm/ em 410nm (or ex 368nm/ em 386nm). Addition of GST-C-1 caused a small increase in the rate of seeded actin polymerization alone (presumably due to the small but variable CP contamination of the seeds). Thus, the polymerization rate of F-actin seeds in the presence of the highest concentration of GST-C-1 was set to 100% (thereby correcting for any CP contamination).
Uncapping Assays
The uncapping assay was a modification of the seeded assembly assay (Schafer, Jennings et al. 1996) . Polymerization of 1.2 µM actin (3.8 % pyrene labeled) was initiated by seeds with 2 nM CP. After 600 s, PIP 2 , GST-C-1 or GST-C-1 and cytochalasin-D (CD) was added. The dead time for addition, mixing and recommencement of measurement was ~ 10 s. Assays with PIP 2 used IP buffer with lower Mg and EGTA (0.2 mM MgCl 2 and 0.1 mM EGTA) to limit Mg 2+ -induced aggregation of micelles.
Neutrophil Extract
Rabbit peritoneal exudate neutrophils were obtained and processed as described (Zigmond, Joyce et al. 1997) . Cells were lysed without detergent and a high speed supernatant of the lysate was obtained. To follow effects of mCARMIL on polymerization in cell supernatant, 1 µM pyrenylactin was added to the supernatant (2 mg/ml) just before addition of GST-VCA or seeds. The polymerization was then followed continuously from the pyrenylactin fluorescence.
Determination of Total and Free Barbed Ends in Cell Supernatant
GST-VCA was added to 20 µl supernatant +/-added mCARMIL and incubated for 2-5 min at room temperature before dilution into 1 ml IP buffer containing 1 mM ATP and 1.5 µM pyrenylactin (25% labeled). Since CP has a slow off rate (t 1/2 > 10 min), ends capped with CP do not contribute to the initial rate of pyrenylactin polymerization (DiNubile, Cassimeris et al. 1995) . However, PIP 2 rapidly removes CP from barbed ends (Schafer, Jennings et al. 1996) . Therefore, including PIP 2 with the pyrenylactin reveals barbed ends that were capped with CP. PIP 2 (Sigma) was suspended in water at 5 mg/ml, sonicated on ice, and then diluted to 1 mg/ml and stored at -80 o C. Upon thawing, the sample was sonicated again on ice.
The presence of 50 µM PIP 2 did not affect the rate of polymerization seeded from sheared F-actin. The rate of polymerization induced by spectrin-actin seeds was increased 1.6 +/-0.5 fold (n=10) by addition of PIP 2 suggesting that between 1/10 and 1/3 of the seeds were already capped. When seeds were incubated in pure CP, PIP 2 reversed the capping on > 80% of the capped barbed ends. The ability of cytochalasin to cap barbed ends is not inhibited by PIP 2 . Thus cytochalasin was used to confirm that the rate of polymerization observed was due to barbed-end elongation.
Determination of Filament Lengths
GST-VCA or GST-VCA plus C-1 (200 nM each), PMN supernatant (4 mg/ml final protein concentration) and TRITC-phalloidin (1 µM)were mixed and incubated as a drop on a coverslip at room temperature for 20 min. The phalloidin stained filaments were photographed with a 100 X objective lens. Every detectable filament in 6 fields was measured (~ 100 filaments/sample).
Culture and Transfection of Human Glioblastoma Cells
Human glioblastoma cells (SNB-19 cells) were cultured in DMEM supplemented with 10% fetal bovine serum, penicillin and streptomycin. Cultures were maintained at 37°C in 5% CO 2 .
GFP-full length mCARMIL (FL WT ), GFP-N-terminus (N), GFP-middle to C-terminus (MC), and GFP-C-terminus, (C) were subcloned from the GST mCARMIL constructs into pEGFP-C2 vector (Clontech). GFP-full length R993E mCARMIL (FL RE ) and C-1mCARMIL were constructed using the QuikChange TM site-directed mutagenesis kit (Stratagene), and the resulting constructs were fully sequenced to assure the presence of the desired mutations or deletion. pEYFP-CPβ2 was constructed by transferring CPβ2 cDNA from pEGFP-CP (a gift from D. Schafer) to pEYFP-C1(Clontech). pECFP-FL-mCARMIL was made by cloning FL-mCARMIL into pECFP-C2 (Clontech).
Lamellipodia Assays
While the fraction of cells with lamellipodia varied with the serum batch and within a given batch between observers, the fold change in lamellipodia after a given experimental treatment did not vary.
Cell Tracking and Kymography
Cells transfected with CARMIL siRNA (Cy3 labeled using Silencer siRNA labeling kit (Ambion)) and control siRNA were mixed and plated at low density into a 35 mm dish. Time-lapse sequences of motile cells were acquired 60 hr post-transfection using an inverted microscope (Eclipse TE2000-U, Nikon) and MetaMorph imaging software (Universal Imaging Corp). During imaging, cell cultures were maintained at 35°C by heating the microscope stage and/or objective lens. To trace movement of individual cells, cell positions were recorded every 5 min over 6 hr. with a 4X objective. Cell paths were generated using Track Object tool in MetaMorph. To trace lamellipodial movements, cells were recorded every 3 sec for 10 min using a 100-X objective. Quantitation was done using kymographs generated with MetaMorph software. After filming, cells containing CARMIL siRNA were identified by their Cy3 fluorescence under the microscope. Figure S1 . Full Sequence Alignment of CARMIL from Mouse (mCARMIL), Dictyostelium (dCARMIL), and Drosophila (CG1399PB) The C-1 region of mCARMIL is highlighted in yellow. Figure S2 . Enhanced Polymerization by the C-Terminal Was due to an Increase in Free not Total Barbed Ends Supernatant was incubated with 10 nM VCA or buffer, with or without 0.5 µM C-mCARMIL before dilution into pyrenylactin; the initial rate of polymerization was used to determine the relative number of free barbed ends (left panel). To determine the total number of barbed ends, supernatant was diluted 20-fold into pyrenylactin containing PIP 2 (to remove CP, see METHODS) and the initial rate of polymerization was used to determined the relative number of barbed ends (right panel) Figure S3 . C-1 Increased the Length of Filaments Induced by VCA Representative fluorescent micrographs (reversed contrast) of actin filaments induced by VCA in cell supernatant in the absence or presence of C-1. The lower panel shows the filament length distribution of ~ 100 randomly selected filaments from each sample. Figure S4 . Gel of Purified CARMIL Constructs GST-fusion proteins with C-1, C-2 and C-3 were expressed in E. coli and purified on glutathione beads; full length His-CARMIL was expressed in Sf9 cells and purified on a Ni-column. Figure S5 . Circular Dichroism Spectra of C-1, CP, and C1-CP Complex Spectra were recorded in 10 mM sodium phosphate, pH 7.4 at 24 o C. Spectra of C-1 (4 µM, red triangle), CP (4 µM, blue square) and C-1 plus CP (2 µM each, green circle) were recorded, and the ellipticity (θ) compared to the calculated sum of C-1 and CP spectra (C-1 and CP theoretical, black cross).
